Previous data have shown that in several tumor cells lines the addition of heregulin results in the translocation of ErbB-4 to a detergent-insoluble membrane fraction where it is hypertyrosine phosphorylated. The data herein demonstrate that heregulin or betacellulin, but not EGF, promotes the rapid translocation of ErbB-2, the heterodimerization partner for ErbB-4, to the same detergent-insoluble fraction in T47 D mammary carcinoma cells. The translocation of ErbB-2 and ErbB-4, but not ErbB-3, to this detergent-insoluble fraction is readily detected 2 min after the addition of heregulin. ErbB-2 present in this detergent-insoluble membrane fraction is tyrosine phosphorylated to a level fourfold greater than the majority of cellular ErbB-2 present in the detergentsoluble membrane fraction. These results suggest the ligand-dependent formation of hyperphosphorylated ErbB-4/ErbB-2 dimers coordinate with translocation to a putative membrane microdomain. Oncogene (2001) 20, 3918 ± 3920.
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Keywords: ErbB-2; heregulin; detergent-insoluble fraction Mitogenic stimulation of cells involves as a primary step the formation of complexes of growth factor bound to cell surface receptors. This step rapidly activates receptor tyrosine kinase activity, which is essential to the transmission of intracellular signals to stimulate responses for proliferation or other cell responses (Alroy and Yarden, 1997; Yarden and Sliwkowski, 2001) . Recently it has become clear that growth factor binding also induces the rapid translocation of receptors on the cell surface such that the receptors are redistributed between membrane domains characterized as detergent (Triton X-100)-soluble and -insoluble fractions (Carpenter, 2000; Simons and Toomre, 2000) . However, the exact nature of the detergent-insoluble fractions is not always clear. In some cases they represent microdomains termed rafts enriched in cholesterol and glycosphingolipids or, if caveolin is also present, they may represent caveolae (Simons and Toomre, 2000; Hooper, 1999) . It is also possible that this fraction represents receptors anchored to the detergent-insoluble cytoskeleton. However, these may be intertwined distinctions as cytoskeletal connections to rafts/caveolae have been noted (Moran and Miceli, 1998; Oliferenko et al., 1999; Holowka et al., 2000) .
Previously we have demonstrated (Zhou and Carpenter, 2000) that in several cell lines the receptor tyrosine kinase ErbB-4 is rapidly translocated to a detergent-insoluble membrane fraction following the addition of a direct ligand, such as heregulin or betacellulin, but not EGF, which binds only to ErbB-1. The preferred heterodimerization partner for activated ErbB-4 is ErbB-2, which does not by itself bind a known ligand (Yarden and Sliwkowski, 2001; Riese and Stern, 1998) . Therefore, we have investigated whether the heregulin-dependent translocation of ErbB-4 is accompanied by the coordinate translocation of ErbB-2.
The data in Figure 1 (top) show that prior to the addition of growth factor, there is relatively little ErbB-2 present in the detergent-insoluble membrane fraction. However, within 2 min following the addition of heregulin the amount of ErbB-2 present in this fraction is signi®cantly increased. The small amount of ErbB-2 present in the detergent-insoluble fraction is increased fourfold at 5 min following the addition of heregulin and thereafter the level of ErbB-2 in this fraction slowly decreases. The data also show that, as previously reported (Zhou and Carpenter, 2000) , the ErbB-4 level in the detergent-insoluble fraction increases and that this increase is temporally coordinate with that of ErbB-2.
Since heregulin binds to both ErbB-4 and ErbB-3 (Riese and Stern, 1998; Burden and Yarden, 1997) , we have determined whether ErbB-3 is also translocated to the detergent-insoluble membrane fraction. The data in Figure 1 (bottom) show that ErbB-3 can be detected in the detergent-soluble fraction and, to a lesser extent, in the detergent-insoluble fraction prior to the addition of heregulin. However, the addition of ligand does not result in an increase in the amount of ErbB-3 present in the detergent-insoluble fraction. Attempts to detect ErbB-1 in these T47D cells have not been successful in either the detergent-soluble or -insoluble membrane fractions (data not shown). These cells seem to express a very low level of ErbB-1 not detectable by Western blotting.
To further establish that direct ligand binding to ErbB-4 promotes ErbB-2 translocation, we have assessed the capacity of betacellulin and EGF to promote this change in ErbB-2. Betacellulin binds to both ErbB-1 and ErbB-4, but not ErbB-3, and EGF binds only to ErbB-1 (Riese and Stern, 1998; Dunbar and Goddard, 2000) . The results shown in Figure 2 demonstrate that betacellulin is as eective as heregulin in promoting ErbB-2 translocation. EGF did not signi®cantly increase ErbB-2 translocation, but did promote a rather small increase, which might suggest some ErbB-1 is also present but dicult to detect. These data are very similar to the previously reported enhancement of ErbB-4 translocation by heregulin or betacellulin, but not EGF or epiregulin (Zhou and Carpenter, 2000) .
When T cells are activated by antigen stimulation, the T cell receptor translocates to a detergent-insoluble membrane fraction or raft and in that microdomain is hypertyrosine phosphorylated (Montixi et al., 1998) . This increased level of phosphotyrosine is thought to be due to the fact that the appropriate phosphatases Figure 1 Heregulin-dependent translocation of ErbB receptors to the detergent-insoluble faction in T47D cells. Cells were grown in Dulbecco's Modi®ed Eagles' Medium (DMEM) containing 10% fetal bovine serum and penicillin/streptomycin. Newly con¯uent cell monolayers in 60 mm culture dishes were incubated overnight in DMEM containing 0.5% serum. Cells were then rinsed once with DMEM and incubated with heregulin b1 (20 ng/ ml) for the indicated times at 378C in DMEM supplemented with 0.1% BSA and 20 mM HEPES (pH 7.2). Next, cells were washed with Ca 2+ /Mg 2+ free phosphate-buered saline and incubated on ice for 30 min in 400 ml of ice cold TGH lysis buer (1% Triton X-100, 10% glycerol, 20 mM HEPES (pH 7.2), 100 mM NaCl, 1 mM phenylmethylsyfonyl¯uoride, 10 mg/ml aprotinin, 10 mg/ml leupeptin, 1 mM Na 3 VO 4 and 50 mM NaF). Lysates were then centrifuged at 14 000 g for 10 min at 48C. The resulting supernatant was termed the detergent-soluble fraction. The pellet was dissolved in 300 ml of TGH buer supplemented with 0.5% SDS and 0.5% sodium deoxycholate. The solution was then passed through a syringe with 23-gauge needle ®ve to eight times to shear DNA and was termed the detergent-insoluble fraction. Aliquots (25 mg) of the detergent-insoluble fraction were subjected to SDS ± PAGE, transferred to nitrocellulose membranes and blotted with ErbB-2 monoclonal antibody (AB-8, 1 : 250, NeoMarkers), anti-ErbB-4 serum (1 : 10 000, obtained from Matthias Kraus, European Institute of Oncology, Milan), or ErbB-3 monoclonal antibody (AB-6, 1 : 200 NeoMarkers). The arrowhead indicates the amount of ErbB-3 present in the detergent-soluble fraction. Bound antibody was visualized by enhanced chemiluminescence (ECL) Figure 2 In¯uence of dierent agonists on ErbB-2 translocation to the detergent-insoluble fraction. Cells were prepared as in Figure 1 and incubated with heregulin b1 (HRG, 20 ng/ml), betacellulin (BTC, 20 ng/ml), or EGF (20 ng/ml) for 10 min at 378C. Triton X-100 insoluble fractions were prepared as described in Figure 1 . Equal aliquots (25 mg) of each detergent-insoluble fraction were subjected to SDS ± PAGE, and transferred to a nitrocellulose membrane. The membrane was blotted with ErbB-2 monoclonal antibody and bound antibody detected by ECL Figure 3 Heregulin-dependent translocation to and tyrosine phosphorylation of ErbB-2 in the detergent-insoluble fraction. T47D cells in 100 mm dishes were grown as described in Figure 1 and incubated with heregulin b (20 ng/ml) for the indicated times at 378C. Cells were then lysed in 1 ml of TGF buer and the detergent-soluble fraction was obtained as described above. The Triton X-100-insoluble pellet was dissolved in 200 ml of TGF buer supplemented with 0.5% SDS and 0.5% sodium deoxycholate, and processed as previously described to produce the Triton X-100-insoluble fraction, to which 800 ml of TGF buer was added to adjust the SDS concentration to 0.1%. The solution was then centrifuged at 14 000 g for 10 min to remove insoluble materials. Aliquots (2 mg) of Trigon X-100-soluble fractions and equal volumes of Triton X-100-insoluble fractions were immunoprecipitated with 3 mg of ErbB-2 polyclonal antibody (sc-18, Santa Cruz), subjected to SDS ± PAGE, and blotted (A, upper panel) with phosphotyrosine polyclonal antibody (1 : 1000, Zymed). The membranes were then stripped and blotted with (A, lower panel) ErbB-2 antibody (AB-8, 1 : 250, NeoMarkers). In B the amounts of tyrosine phosphorylated ErbB-2 and ErbB-2 receptors present in both fractions were quanti®ed by scanning densitometry. The amount of phosphotyrosine per unit of ErbB-2 was then calculated are excluded from this membrane microdomain (Leupin et al., 2000) . Similarly, when ErbB-4 translocates to the detergent-insoluble fraction in cells treated with heregulin, its tyrosine phosphorylation is increased 4 ± 5-fold higher than that of ErbB-4 receptors present in the detergent-soluble fraction (Zhou and Carpenter, 2000) . In view of these results, we examined the tyrosine phosphorylation status of translocated ErbB-2. Cells were incubated with heregulin for the indicated times, lysed and separated into the detergentsoluble and detergent-insoluble fractions. ErbB-2 was then immunoprecipitated and blotted with anti-phosphotyrosine. The blots were then stripped and reblotted with antibody to ErbB-2. The results of this experiment are shown in Figure 3A . To compare the phosphotyrosine levels of ErbB-2 in the two fractions, which have dierent amounts of ErbB-2, we used scanning densitometry to normalize the phosphotyrosine present to the amount of ErbB-2 present, as presented in Figure 3B . Clearly, prior to the addition of heregulin most all the cellular ErbB-2 is present in the detergent-soluble fraction and there is no signi®-cant dierence in the basal level of phosphotyrosine in the detergent-soluble and -insoluble fractions. When heregulin is added, the ErbB-2 phosphotyrosine level increases in both fractions, but much more dramatically in the detergent-insoluble fraction. After 10 and 30 min of heregulin treatment, the amount of phosphotyrosine per unit of ErbB-2 is, respectively, 2.4-and 4.8-fold greater in the detergent-insoluble fraction compared to the detergent-soluble fraction.
Our data suggest a mechanism in which heregulin addition seems likely to promote the formation of ErbB-4/ErbB-2 heterodimers, along with ErbB-4/ErbB-4 homodimers, in the detergent-soluble fraction. These dimers may then translocate to the detergent-insoluble fraction where their phosphotyrosine content is enhanced relative to dimers in the detergent-soluble fraction, perhaps by a mechanism that involves relative accessibility by phosphotyrosine phosphatases.
Others have reported the ligand induced relocalization of ErbB receptors between the detergent-insoluble or caveolar fraction and the detergent-soluble or general membrane fraction. In unstimulated cardiomyocytes, ErbB-4 and ErbB-2 are present in caveolae and following growth factor addition the level of ErbB-4, but not ErbB-2, in the caveolar fraction rapidly decreases (Zhao et al., 1999) . Similarly, it has been reported that ErbB-1 and ErbB-2 are found in caveolae prior to the addition of ligand to non-transformed ®broblastic cell lines (Mineo et al., 1999) . Ligand addition promoted a decrease in ErbB-1 levels in the caveolar fraction, but ErbB-2 levels remain unchanged. The cells used in this study are tumor cell lines and do not express detectable levels of caveolin (data not shown), which is not uncommon for tumor lines (Okamoto et al., 1998) . Therefore, we cannot compare our detergent-insoluble fraction to the caveolar fractions isolated in other cell lines.
